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Ab;Ftmct 
This paper ptcs~nts the physics dosign of the DARHT- 

II downssaam system, which consists of a diagnostic 
barn stop, a fast, high-pnxision kicker system and the x- 
my oonv(Gttcr target assembly. The beamline 
con€iguration, the transvase resistive wall instability and 
the ion hose instability modelling are pmmted. We also 
discuss elimination of spot size dilution during kicker 
switching and implementation of the f o i l - M c r  scheme 
to minimize the backstreaming ion focusing effects. 
Finally, we pmmt the target converter% configuration, 
.and the simulated DARHT-II x-ray spot sizes and doses. 
i me experimental results, which support the physics 
design, will be also presented. 

1 INTRODUCTION 
The scconci-axis of the Dual Axis Radiographic 

1 lF0dynemic Test facility @ARHT-II) will peaform 
multiple-pulse (1 - 4 pulses) x-ray flash radiography [ 11. 
The DARHT-II Bccclersta will deliver an 18.4-MeV (* 
0.5 9b over the flattop), 2-kA (* 1 %), 2-p, IO00 nun-mr 
(Lapoatolle emittance) beam. These beam 
make the DARHT-II downstream system the first system 
everdcsignedto transport a high current, high energy and 
long pulse btam 121, 131. Designing the DARHT-II 
downstream system is challenging. Instabilities caused by 
resistivity of the wall material end focusing effects due to 
beam-induad ionization of the background gas could 
potentially tbmatm the beam quality in the long drift 
sections of the system. A static x-ray convert# tar@ will 
be used on DARHT-II to m e  the radiographic axis. 
Having enough target material for all four beam pulses to 
generate the required X-ray doses provides a new challenge. 
To meve ttre radiographic performance specifications, 
the time integrated beam spot size on the target for all 
pulses (10 - 100 ns long) should be within 2.1 mm (50% 
MTF definition). However, the interactions between the 
high intensity beam with the target may disrupt 
the beam spot size. 

The D4M-lT-U beamline configuration is prcsa~tcd in 
Sec. 2. The transvase resistive wall instability end the 
ion hose instability modelling rn piesented in Sec. 3. 
Discussion of elimination of spot size dilution during 
kicker switching is givm in Sw. 4. Implemmtation of 
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the foil-barrier scheme to minimize the backstreaming ion 
focusing eff- is discussed in Sec. 5. The target 
converter's configuration, and the simulated DARIR-II x- 
ray spot sizes and doses are presented in Sec. 6. Finally, a 
summary is given in Sec. 7. 

2 BEAMLINE CONFIGURATION 
The DARHT-II downstream system, shown in Fig.1. 

consists of a diagncstic kam stop, a high-spctd, high- 
precision kicker system [4] and the x-ray converter target 
assembly [3], [4]. The kicker is used to select multiple 
short current pulses out of the long beam pulse provided 
by the accelerator. The nominal beam pulse length in the 
transport line upsbeam of the quadrupole septum (- 12 m) 
and in the main beam dump line is 2 p. Only the sefected 
short beam pulses will be d e l i 4  to an x-ray convutcr 
target (-10 m) to produce high quality x-ray pulses. The 
nominal beam envelope in the target line is shown in Fig. 
2. The remaining unkicked electron beam will be delivsed 
to B beam dump. When the diagnostic beam stop is inline, 
the beamline configuration provides the capability for 
diagnosing emittance of the beam exiting the accelerator. 
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Figure 1: DARHT-II Downstream System 

3 INSTABILITIES 
The transport system is designed to minimize the 

transvase resistive wall instability and the ion-hose 
instability. Both of these mechanisms could potentially 
threaten the quality of the long pulse, high cumnt beam 
in those long drift sections (- 12 m) upstream of the 
quadrupole septum. 
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Figure 2: Beam envelope in the DARHT-II transport li., 
from the accelerator exit to the Wget 

The equation of motion for beam displacement &, T) 
due to transverse resistive wall instability in a drifr space 
is given as 

Solving Eq. (1) yields 

with 

where 1 and 1, is the beam current and AIfven currmc, 
respectively, b is the wall radius, 0 is the co&lrctivi.ty of 
the wall material, and c is the Ifght speed. To minimize 
the transverse resistive wall instability in the mainlly drift 
space upstream of the quadrupole septum, all tramport 
components have large apertures, and most (70%) a~ 
made out of aluminum. The estimated amplification of the 
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Figure 3: Amplifications of an initial beam offset caused 
by the transverse resistive wall instability for (a) the 2-ps 
beam transporting from the a c c m t a e  exiG to the 
quadrupole septum and (b) the 4 shart pulses tnavelting 
from the septum exit to the x-ray converter. 
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5 SPOT SIZEPRESERVATION 
Thc m n g  elect& fkld of the high ament and bigh 

intensity dwtm ham may pull ions ups- from b 
daaor;bed$as at the target surface or firom a pre-msistiug 
target plasma plume noatod by preceding pulsas. TBe time 
varying focusing effc@s of those backstmaming ions can 
d i m  the beam spot size on the target. Hughes had 
s u m t d  f h t  to uw a foil as a baniw to co&c 
bbtmming ions within a short distanec to minimize 
their focusing dkts [ll]. Mitigation of badrsaamut * g  
ion cftects with a foil-imnia was on the 
J3TA4I/SNQWTRON double pulses facility. which has 
bccn d to c$aM-w targGt e m @  fix VdiWon of 
the DARHT-II multi-pulw target concept [12]. To 
simulate the RARHT-II beam-- interactions, target 
plasma will be & first by striking the 1MeV* 2 kA 
Snowtron beam on one side of a target. The better 
E m  6 M ~ V . 2 k A E T A - I I b e a a o G n t a a b 1 ~ ~  
other sick to probe the target. Without a p"-existing 
plasma amtd by the SNOWIRON beam, the spd 
disruption on the EI"A-II beam Qe to the bacMmwn ' g  
ions was weak as shown in dw left column in Fig. 7. 



With the pre-existing plasma created by the SNOWTRQN 
beam 600 ns earlier, the focus of the ETA-11 beam was 
destroyed within 20 ns if a foil-barrier was not wed as 
shown in the center column. However, if a foil was placed 
1 cm in front of ETA-11 sides target surface, the spot size 
was preserved through the entire ETA-11 flattop as shown 
in the right column. 

The DARHT-I1 target assembly consists of a distributed 
converter target and a foil barrier. The foil material and the 
beam spot size on the foil has to ensure survivability of 
the foil while it is being struck by four high current 
pulses over 2 ps. We have chosen graphite for the 
DARHT-I1 foil-barrier material. Figure 8 shows that the 
temperature of a 10-mil graphite will remain below its 
vaporization temperature at the en$ of 2 ys after the 
impact of all four DARHT-11 pulses for a wide range of 
beam spot sizes on the foil. However, the foil temperature 
will be well above the threshold ternperme (- 400°C) 
for gas desorption. Therefore, the graphite foil's upmeam 
surface can potentially become a backstreaming ion source 
if the graphite foil were not pre-cleaned before arrival of 
the beam pulses. 

FWHM spot *e (mm) 

Figure 8: Temperature of the graphite foil after the impact 
of four DARHT-11 pulses varying as the beam spot size 
on the foil. 

We have investigated methods to pre-clean the graphite 
foil. A 6 4 1  graphite foil, which was backed with a 10- 
mil quartz foil, serving as an OTR witness foil, was used 
in the ETA-II laser cleaning experiment. A 60-mJ 
Nd:YAD laser at 1.06 pm was used to pre-clean the 
graphite. Since the backstreaming ions' spot size 
disruption effects on the ETA-II beam is weak without a 
pre-existing plasma (Fig. 7 and Fig. 9d). The laser was 
also used to create plasma on the graphite foil surface at 2 
ys before the ETA-I1 beam was fued. The laser spot used 
for pre-cleaning was typically enlarged to about 5 mm i n  
diameter. We found that the ETA-11 spot was preserved if 
the separation between the last laser cleaning pulse and the 
ETA-11 beam is around 1 second. Figure 9 shows that 
firing 9 or more laser pulses with large spots on the foil 
can effectively preserve the beam spot size through the 
entire beam flattop. Presumably those laser pulses have 

cteaned the graphite surface. The DARI-lT-LI downstream 
system can accommodate laser cleaning for the foil-barrier. 
PerFormatate uf the fuil-barrier scheme for spa size 

preservation requires minimizing the backstreaming ions' 
focusing effects to a tolerable level. Since the ions' 
focusing forces are highly sensitive to the electroll beam's 
envelope size, the beam spot size after a beam traveling 
through the ion channel in the foil-barrier is also sensitive 
to the beam envelope parameters. To rtxlclce the spot size 
sensitivity, i.t is desirable to plztce the graphite foil as 
cluse to the target front surface ac+ possible if the foil 
survivability were not a concern. The foil-barrier's 
performance c1w also be improved without waificing the 
final spot size and the x-ray dose by using a different 
focusing scheme to obtain a larger beam envelope in the 
im trap region, which leads to w&m ion focusing foras 
arrd a lager team spw on the foil [ 131. A larger beam 
spot QII the! foil allows us to red'lrce the foil-target 
sepmtim Further, and hmce, the beam's final spot size is 
further stabilized also. 
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Figure 9: The ETA-IE beam spot sizes corresponding to 

the n u d m  of pre-cleaning laser pulses. 

6 x :--- - 7  O S -  lVERTER TARGET 
Instead of using a convemimal, mlid Ta foil far the 

target, DARHT-II uses a distributed target [3], [4], [lo], 
which disnib- Ta over a distance. Scattering in the 
target and long separation between the target materiallead 
to a large beam envelope inside the target. Hence, the 
depcmted enetgy density is smaller inside a distributed 
target, which provides a reduced hydrodynamic expansion 
of the corrverter material so thlat th.ere is enough material 
to generate four X-ray pulses with the tcqared doses. By 
using the dkiticjn hydrodynamics d e ,  LASNEX, uur 
modelling results &f the DARHT-II target plasma h y h  
expansion are shown in Fig. 10. The mass density at 0 ps 
is 3.95 glc.c., and the lowest density contour value plotted 
is l @ ' O  &.E.. All b a r n  pulses' spot sizes on the Front 
target surface are 1.08 mm FWHM (Gaussian). Since the 
longest p l m a  channel, m m n g  at the onset of the 41h 
pulse, is only abut  8 mm, the impact of the beam- 
plasma i m t i m  on the n-fay sgot size and dose is 
mall. The simulated x-ray spot sizes and doses by using 
the M o m  Carlo radiation transport code MC", shown 
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prea 11: The D4Rm-D x-ray (a) spot sizes and (b) 

7 S W Y  
m D m * n  dowpstrtem sysm will be tile first 

srskpn $0 @mport 8) l o ~ g  pdw, high uwqy and high 
CMMt electKm bWu4 and the first system to deliver four 
sdcckd 10-100 M beam pulses to a novel, static x-ray 
mmmter target to produce high quality x-ray pulses for 
flash d c q p p h y .  Rwervin~ the besm qugJity in the 
en- sysm is wssntial for the radiopraDhv pcdbmmc. 
We have shown that the transverse resistive wall 
instability and the ion hose instability will not thresten 

DAW"-II transport system is osrsippPd with many btam 
position monitors d steering dipole magnets for the 
beam ceptroid alignment. We have shown that the concern 
of spot size dilution due to k i c k  switching can be 
addnsscd with an optimizing magnetic tuw, which 
dnimizmj the beam motion in the entim kicked beam 
pulse. We will use a foil-bmicx to minimigc spot size 
d i 9 n  causal by beam-target - interactions. Based on 

the quality Of the D m - I I  b. Furthamore. the 

our m&Uipg. thm ms dficimt mugins in thk 
DARHT-Ifbaselinetarget design to meet tbe 
needs. Thaefore, any small dow reduction msulted from 
beam-Eatget intemcions, emittance growth or bGlua 
mvshJ@ divagren& CaJM potcatiolly IM &%mpmwd 
with Q longer beam pulsG length. 
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